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Tests of Light Transmission through PVC extrusions
Leon Mualem

University of Minnesota

| have performed some measurements of light transmislsiough a PVC cell
containing liquid scintillator and wavelength shifting (WLiBer with a PMT
and APD detector. The results are presented here.

The light transmission of PVC has been measured usiegl af a 48ft. 4.1cm X 2.2cm
ID extrusion from Plastic Extrusion Technology (PEThe cell had a loop of 0.8mm
Kuraray WLS fiber installed. The entire length of thbe was wrapped in 6mil black
plastic garbage bags. A small opening measuring 2cm X 4crowwa#o the bag and
masked off with black electrical tape.

The light transmission was measured by coupling the etitediber in the cell to a
calibrated Quanticon PMT, for high sensitivity, and &tsa NovA standard APD
running at a gain of 100.

The light transmission was measured under severaltamsli darkness, ambient light,
and intense light. The ambient light was supplied bytlghead lighting in the
University of Minnesota MINOS Module lab, using Phillips AE82T8/TL841, a 32W
4100K color temperature light, 2m above the cell. To prowidantense light, a
fluorescent lamp was used, a 6400K color temperature 13Whriade by Regent, and
available at your local Menards. This lamp, known asltken Light” in MINOS was
specially chosen for finding leaks in the MINOS modulestduts awful (to this
human’s eyes) blue light emitted. The response ofilblee to this light is much greater
than any other lamp tested. Many lamps tested showedtaineasurable signal, due to
their reddish output. (Maybe we should just light th@letarea with red LEDs.)

The additional layers of PVC were cut from the ogten of other extrusions from PET.
The first additional layer had an exposed area halfahéte initial hole, 4crh

Results:

PMT tests.

Condition Current Light-Dark
Dark (2x4cm hole covered) 0.1A 0 puA
Ambient light 20.QuA 19.9pA
Intense light 103@A 1030pA
Intense light +1.5mm PVC| O0;A 0.4 pA
Intense light +3.0mm PVC| O.LiA 0 uA

The PMT has a gain of 10pC/pe. Therefore a current ofcburesponds to £pe/s
leakage for a detector with PMT quantum efficiencye Takage of ~2QA for
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ambient light translates to 2MHz of photoelectons im3@nd the intense light of
100MHz.

The attenuation of the extra layer of 1.5mm PVCrigpéy 1030/(0.4*2)=1250, which
gives a light attenuation length in the PVC of 0.2mm.

APD tests

Condition Current Light-Dark
Dark (2x4cm hole covered) 1.0 nA 0 nA
Ambient 1.4 na 0.4 nA
Intense light 17.4 nA 16.4 nA
Intense light +1.5mm PVC| 1.0 nA 0 nA

The APD has a gain of 100e/pe, so a current of 1nA is a @lnoémt of 6E7pe/s. The
ambient light value is a leakage of 20MHz, and the intégkevalue corresponds to
1GHz of leakage in the 8cm”2 area. Comparing this toMiE WValue of 100MHz is
simple. If you use the approximate QE ratio of 10, #reycompletely consistent.

The light reduction that is needed is to make the higiet to the leakage small relative to
the dark current in the APD. A typical APD pixel leadark current of about 60pA at
M=100. This is 10pA of photocurrent, or 4MHz of single pe dgyn# we assume that
the exposed are of a typical cell is 2*4cm*15cm. (I pesginally assume there will be
bad gluing, or leakage along the edge). This is 120mnd would induce a 300MHz
leak signal. If we want to attenuate it to a leveddiMHz, we would need about 8
attenuation lengths, or 1.6mm thicker PVC, to bring thd tota. 1mm.

It is actually somewhat worse than this, since thesoneanent here was done 2m into the
module, there is extra fiber attenuation, so we degetthe full effect of the leak in this
test. Therefore we would probably want to go one ortadXv/C attenuation lengths, up
to 3.3 or 3.5mm.

Along the edge of the outside modules, the problem mastres, since the module is
15m long, assuming an average attenuation factor from ti& fiber of about 3, this
corresponds to an exposure of 6cm*1500cm/3=3080drhat would create a leak rate of
7500MHz, requiring 11 attenuation lengths (2.2mm), a total thisko£3.7mm to

reduce it to 0.1MHz.

Conclusions

It appears that the amount of light that leaks throbghekisting extrusion would make it
impossible to operate the detector without additional mesof some sort. It also
appears that increasing the thickness to the values 208%NovA proposal will not get
us all the way, but within about 10% of where we need toltxmay be that the
additional TiQ would provide the extra opacity required, but this neethe tested when
samples become available.



Nova-NOTE-DET-78

Additional Tests with PET-B extrusions

An additional round of testing was performed with PET-Bestbns to measure the
attenuation length. The test was performed by measumngurrent in the same PMT
used previously. The fiber and scintillator was inside &-PEme extrusion with the
additional layer of plastic. The bare sample wabénbare 2cmx4cm hole to measure
the baseline with no attenuation. The samples ldiilere from a PET-B extrusion,
samples 1 and 2 are from the outer faces, while sai@ed 4 are from the inside web.
Sample A is from a PET-Prime extrusion. The thickesesgere measured with a
micrometer.

Dark Light Light- Attenuation
Current  Current Darkin  Attenuation length
Sample thickness(mm) (uUA) (uA) 4cm® factor (mm)
bare 0 0.08 1400  699.96
Al 1.3462 0.08 0.16 0.08 8749.5 0.148313
B1 1.3716 0.08 0.28 0.2 3499.8 0.168079
B2 1.6002 0.08 0.12 0.04 17499 0.163789
B3 1.3462 0.08 0.2 0.12 5833 0.155248
B4 1.27 0.08 0.23 0.15 4666.4 0.150329

The PET-B extrusion samples show a slightly longemnaation length than the
PET-Prime. Inthe previous tests of the PET-Primepéathe attenuation length was
measured to be longer, 0.18mm. The measured attenuationsl@ngt0.15 and 0.17.
Using the longer attenuation length as a conservastimate for the attenuation length
we would need about 20 attenuation lengths to achieveisutfiopacity. This would be
3to 3.4mm. The verticals would probably be thick enoughtHauhorizontal modules at
3mm are unlikely to be thick enough to not need additiogial blocking measures.

Light Source Sensitivity

| also tested several different light sources firt effectiveness for finding light leaks
and to compare to light levels. The most surprisingegatlto me) result was that there
was an observable response to a RED laser pointer.

light- Relative
Lamp light dark Intensity
Leon 1400 1399.92 93.82842
60W incand 400 399.92 26.80429
26W CF 195 194.92 13.06434
flashlight 70 69.92 4.686327
fluor tube
@2m 15 14.92 1
indirect sun 10.8 10.72 0.718499
weak sun 11 1.02 0.068365

red laser 0.5 0.42 0.02815
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